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A method of plating a metal l^yer on a substrate, comprising the steps of: 
providing a substrate; 

forming a barrier layer on a top surface of the substrate; 

forming a metal seed layer on the barrier l^yer by reacting the barrier layer with a 
| first plating solution; and 

i forming a metal layer on the metal seed laye^by exposing the substrate to a 

| second plating solution. 



2. The method of claim 1, wherein said barrier layer is a layer of material 
10 / selected from the group consisting of titanium, titanium iWide, tantalum, tantalum 
nitride, tungsten nitride, tungsten-tantalum alloys, tantalun^silicon nitride, and other 
ternary compounds. 



3. The method of claim 1, wherein said metal seed layer forming step 
comprises immersing the substrate in the first plating solution. 

15 4. The method of claim 1, wherein said metal seed layer forming step 

comprises spraying the first plating solution on the substrate. 



5. The method of claim 1, wherein said metal seed layer forming step is an 



electroless plating step. 
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6. The method of claim 1, wherein said metal seed layer forming step is an 
electrolytic plating step. 

7. The method of claim 1, wherein said metal layer forming step comprises 
immersing the substrate in the second plating solution. 

5 8. The method of claim 1, wherein said metal layer forming step comprises 

spraying the second plating solution on the substrate. 

9. The method of claim 1 , wherein said metal layer forming step is an 
electroless plating step. 

10. The method of claim 1, wherein said metal layer forming step is an 
10 electrolytic plating step. 

11. The method of claim 1, wherein the first plating solution comprises a first 
aqueous solution of a first metal and a first acid, and the second plating solution 
comprises a second aqueous solution of a second metal and a second acid. 

12. The method of claim 11, wherein the first and second metals are the same 

15 metal. 



13. The method of claim 12, wherein the first and second metals are copper. 
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14. The method of claim 12, wherein the first and second aqueous solutions 
are the same. 

15. The method of claim 11, wherein the first metal is a metal salt. 

16. The method of claim 11, wherein the first metal is a metal complex. 
5 17. The method of claim 11, wherein the second metal is a metal salt. 

3 18. The method of claim 11, wherein the second metal is a metal complex. 

"3- 

4 19. The method of claim 11, wherein the first and second metals are different 
g metals. 

□ 20. The method of claim 11, wherein the first and second metals are metals 

5 10 selected from the group consisting of nickel, copper, ruthenium, rhodium, palladium, 

silver, osmium, iridium, platinum, gold, mercury and polonium. 

21. The method of claim 11, wherein at least one of the first and the second 
metals is copper. 



1 

*^)ofc> tA\ The method of claim further comprising a step of forming a silicon- 

15 *containinV layer on a top surface of the barrier layer prior to the metal seed layer 
forming stef 
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23. The method of claim 22, wherein said silicon-containing layer forming 
step comprises oxidizing the substrate in an ozone -containing rinse bath. 

24. The method of claim 22, wherein said silicon-containing layer forming 
step comprises deposition of the silicon-containing layer on the substrate. 

25. The method of claim 22, wherein said silicon-containing layer is a layer of 
silicon dioxide. 

A method of fabricating a conductive layer on a semiconductor substrate, 
comprising the steps of: 

providing a semiconductor substrate; 

forming a silicon layer on a top surface of the substrate; 

forming a metal seed layer from the silicon layer by reacting the silicon layer with 
a first plating solution; and 

forming a conductive layer on the metal seed layer by exposing the substrate to a 
second plating solution. 

' ^ff. The method of claim ,26*, wherein said silicon layer forming step comprises 
oxidizing the substrate in an ozone -containing rinse bath. 

2.7 

The method of claim wherein said silicon layer forming step comprises 
deposition of the silicon layer on the substrate. 
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The method of claim Jt6, wherein said silicon layer forming step further 
comprises forming a barrier layer on the top surface of the substrate and forming the 
silicon layer on the barrier layer. 

- Si Z7 

The method of claim ^6^ wherein said metal seed layer forming step 
comprises immersing the substrate in the first plating solution. 

The method of claim wherein said metal seed layer forming step 
comprises spraying the first plating solution on the substrate. 

* The method of claim wherein said metal seed layer forming step is an 

electroless plating step. 

3*f 2.7 

^ The method of claim X wherein said metal seed layer forming step is an 
electrolytic plating step. 

$4. The method of claim wherein the first plating solution comprises a 
first aqueous solution of a first metal and a first acid, and the second plating solution 
comprises a second aqueous solution of a second metal and a second acid. 

The method of claim ^ wherein the first and the second metals are the 

same metal. 

The method of claim ^ wherein the first and second metals are copper. 




Docket No. M4065.135/TO5 18 Micron^f: 98-0673.00 /US 

3? Si? 

j^7. The method of claim wherein the first and the second aqueous 



solutions are the same. 



s yS. The method of claim &£, wherein the first metal is a metal salt. 

J* s5 

jtff The method of claim >f , wherein the first metal is a metal complex. 
/ 

$£f. The method of clairru3<, wherein the second metal is a metal salt. 
0. The method of claim ^ wherein the second metal is a metal complex. 

The method of claim X wherein the first and second metals are different 

metals. 

The method of claim wherein the first and second metals are metals 
selected from the group consisting of nickel, copper, ruthenium, rhodium, palladium, 
silver, osmium, iridium, platinum, gold, mercury and polonium. 

£4. The method of claim ^4", wherein at least one of the first and the second 
metals is copper. 

The method of claim ^T, wherein said conductive layer forming step is an 
electroless plating step. 
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^6. The method of claim,^, wherein said conductive layer forming step is an 
electrolytic plating step. 




47< A method of forming a met^J interconnect for a semiconductor circuit, 
corq^rising the steps of: 

providing a semiconductor substrate hVving electronic devices formed thereon; 
forming a barrier layer on a top surface ©f the substrate and the devices; 
forming a metal seed layer on the barrier ^ayer by reacting the barrier layer with a 

r* .... -.i-*.! „ 1 _ - ^: . . J 

iirsC prauiig suiuuun, cuiu 

forming a metal interconnect layer on the n^etal seed layer by exposing the 
substrate to a second plating solution. 

The method of claim 49^ wherein said barrier layer forming step 
comprises chemical vapor deposition. 

^ The method of claim £7^ wherein said barrier layer forming step 
comprises physical vapor deposition. 



5 50. The method of claim 47, wherein the\ barrier layer is a layer of material 

selected from the group consisting of titanium, titanium nitride, tantalum, tantalum 
nitride, tungsten nitride, tungsten-tantalum alloys, tantalum silicon nitride, and other 
ternary compounds. 
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Jtd . The method of claim wherein said metal seed layer forming step 
comprises immersing the substrate in the first plating solution. 

" The method of claim ^ wherein said metal seed layer forming step 

comprises spraying the first plating solution on the substrate. 

5 The method of claim iff^ wherein said metal seed layer formmg step is an 

electroless plating step. 

cl4* tup m^bo^ r*c -rjoim Aff wherein said metal seed layer forming step is an 
ffi" electrolytic plating step. 

M The method of claim wherein said metal interconnect layer formmg 

'% 10 step comprises immersing the substrate in the second plating solution. 

S 57 4^ 

^ JSK The method of claim ^ wherein said metal interconnect layer formmg 

step comprises spraying the second plating solution on the substrate. 

^f. The method of claim ^ wherein said metal interconnect layer formmg 
step is an electroless plating step. 

15 The method of claim j¥f, wherein said metal interconnect layer formmg 

step is an electrolytic plating step. 



71 
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jg$. The method of claim 47, wherein the first plating solution comprises a 
first aqueous solution of a first metal and a first acid, and the second plating solution 
comprises a second aqueous solution of a second metal and a second acid. 

t. a 

$0. The method of claim 59, wherein the first and second metals are the same 



5 metal. 



p¥! The method of claim 60, wherein the first and second metals are copper. 

nru ^ . ^ A ^\~\*^ Af\ ..^Af^in £ r c*- ^r\A cprond 2QU' 1 QU C Solutions 



are the same. 



n 



The method of claim 60, wherein the first metal is a metal salt. 



S 10 The method of claim 60, wherein the first metal is a metal complex. 

The method of claim 60, wherein the second metal is a metal salt. 

The method of claim 60, wherein the second metal is a metal complex. 

fff. The method of claim 59, wherein the first and second metals are different 
metals. 
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c if 0>. The method of clainvS^, wherein the first and second metals are metals 




selected from the group consisting of nickel, copper, ruthenium, rhodium, palladium, 
silver, osmium, iridium, platinum, gold, mercury and polonium. 

J& The method of claim^, wherein at least one of the first and the second 
metals is copper. 



70\ The method of claim 4/; further comprising a step of forming a silicon 
on a top surface of the barrier layer prior to the metal seed layer forming step. 

^ . The method of claim 7iS, wherein said silicon layer forming step comprises 
oxidizing the substrate in an ozone -containing rinse bath. 

The method of claim^CT, wherein said silicon layer forming step comprises 
deposition of the silicon layer on the substrate. 

"n 71 

J$\ The method of claim jtf, wherein the silicon layer is a layer of silicon 
dioxide. 

7-^ 7 I 

The method of claim^C^ wherein the silicon layer is a layer of silicon 

monoxide. 
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' 77£ 

* feyS A method of forming a metal interconnect for a semiconductor circuit, 
comprising the steps of: 

providing a semiconductor substrate having electronic devices formed thereon; 
forming a silicon oxide layer on a top surface of the substrate and the devices; 

5 forming a metal seed layer from the silicon oxide layer by reacting the silicon 

oxide layer with a first plating solution containing a first metal; and 

forming a metal interconnect layer on the metal seed layer by exposing the 
substrate to a second plating solution containing a second metal. 

IV 77 

j4 The method of clainvPS", wherein said silicon oxide layer forming step 
10 comprises oxidizing the substrate in an ozone-containing rinse bath. 

7<? 77 

^f. The method of claim ^ wherein said silicon oxide layer forming step 
comprises deposition of the silicon oxide layer on the substrate. 

The method of claim^, wherein the silicon oxide layer has a thickness 
within the range of approximately 10 to 200 Angstroms. 

*J 7? 

15 The method of claim ^ wherein the silicon oxide layer has a thickness 

within the range of approximately 10 to 50 Angstroms. 

^f. The method of claim^^, wherein said silicon oxide layer is a layer of 
silicon dioxide. 



/^T6S 24 Micron^£f 



Docket No. M4G65. 135/^^5 24 Micron^f.: 98-0673.00/US 

- *3 7J7 

* M. The method of claim^Tb, wherein said silicon oxide layer forming step 



further comprises forming a barrier layer on the top surface of the substrate and forming 
the silicon oxide layer on the barrier layer. 

82. The method of claim 81, wherein the barrier layer is a layer of material 
selected from the group consisting of titanium! titanium nitride, tantalum, tantalum 
nitride, tungsten nitride, tungsten-tantalum alloys, tantalum silicon nitride, and other 
ternary compounds. \ 



\ 77 

The method of clainvTS', wherein said metal seed layer forming step 
comprises immersing the substrate in the first plating solution. 

*7 77 

The method of claim^, wherein said metal seed layer forming step 
comprises spraying the first plating solution on the substrate. 

2* 77 

^85? The method of claim 7ff y wherein said metal seed layer forming step is an 
electroless plating step. 

JStf? The method of claim^Ss wherein said metal seed layer forming step is an 
electrolytic plating step. 

The method of claim < ?5', wherein the first metal is copper. 
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- The method of clainvS/, wherein the first plating solution is an aqueous 

solution of copper sulfate and hydrofluoric acid. 

' ^gV. The method of clairrvTS, wherein said metal interconnect layer forming 
step comprises immersing the substrate in the second plating solution. 

V> . 77 

5 / 9tf. The method of claim ,7ff, wherein said metal interconnect layer forming 

step comprises spraying the second plating solution on the substrate. 

~ yi. The method of claiiri^S, wherein said metal -interconnect layer forming 

nj 

£0 step is an electroless plating step. 

CS <j$. The method of claim 7b, wherein said metal interconnect layer formmg 

'% 10 step is an electrolytic plating step. 

^ The method of claim wherein the second metal is copper. 

2%. The method of claim^P^ wherein the second plating solution is an 
aqueous solution of copper sulfate and hydrofluoric acid. 

^9?T. The method of claim ,75, wherein the first and second metals are selected 
15 from the group consisting of nickel, copper, ruthenium, rhodium, palladium, silver, 
osmium, iridium, platinum, gold, mercury and polonium. 



5 26 Microrrelef 



Docket No. M4065.135/^R5 26 Micron^f.: 98-0673.00/US 

' A method of plating copper onto a substrate, comprising the steps of: 

providing a substrate; 
forming a barrier layer on a top surface of the substrate; 
forming a silicon oxide layer on the barrier layer; 

forming a copper seed layer from the silicon oxide layer by reacting the silicon 
oxide layer with a plating solution containing copper and an acid; and 

forming a copper layer on the copper seed layer by exposing the substrate to the 
plating solution for a time sufficient to produce a desired thickness of the copper layer. 

\0t> cjc^ 

; ^ The method of claim^P^ wherein the silicon oxide layer is a layer of 

silicon dioxide. 

£%f. The method of daim^o*, wherein the silicon oxide layer has a thickness 
within the range of approximately 10 to 200 Angstroms. 

The method of claim^S^ wherein the silicon oxide layer has a thickness 
within the range of approximately 10 to 50 Angstroms. 



100. The method of claim 96, wherein thfe barrier layer is a layer of material 
selected from the group consisting of titanium, titaiuum nitride, tantalum, tantalum 
nitride, tungsten nitride, tungsten-tantalum alloys, t^talum silicon nitride, and other 
ternary compounds. 
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<#ul. The method of clainvPtf*, wherein the barrier layer has a thickness within 
the range of 50 to 500 Angstroms. 

" y&f. The method of clainv£t>, wherein the barrier layer has a thickness of 
approximately 300 Angstroms. 

\ - The method of claimi^ wherein the plating solution contains a copper 

salt. 

r J^F. The method of claim L03; wherein the acid is sulfuric acid. 

y#£.' The method of claim .£03, wherein the plating solution comprises an 
aqueous solution of copper sulfate and hydrofluoric acid. 

106". The method of claim 105", wherein the plating solution comprises 
approximately 3 grams of copper sulfate per liter of plating solution. 

J&T. The method of claimj^ wherein the plating solution contains a copper 
complex. 

^08. The method of claim^f, wherein the plating solution comprises 
approximately 1 part hydrofluoric acid per 100 parts water. 

The method of claimi^, wherein said copper seed layer forming step is an 
eleetroless plating step. 



§ # 
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J>fO. The method of claim ^o, wherein said copper layer forming step is an 
electrolytic plating step. 

/ ill 




A method of forming a copper interconnect for a semiconductor circuit, 
comprising the steps of: 
5 providing a semiconductor substrate having devices formed thereon; 

forming a barrier layer on a top surface of the substrate and the devices, wherein 
the barrier layer has a thickness of approximately 50 to 500 Angstroms; 

forming a silicon dioxide layer on the barrier layer, wherein the silicon dioxide 
layer has a thickness of approximately 10 to 200 Angstroms; 
10 forming a copper seed layer from the silicon dioxide layer by reacting the silicon 

dioxide layer with a plating solution containing copper sulfate and dilute hydrofluoric 
acid; and 

forming a copper layer on the copper seed layer by exposing the substrate to the 
plating solution for a time sufficient to produce a desired thickness of the copper layer. 

15 




